The use of simulation in healthcare education has become very topical across all professions and specialties in order to improve patient safety and quality of care. In the last decade, the adoption of more realistic simulation-based teaching methodologies, which serves as a bridge between the acquisition and application of clinical skills, knowledge, and attributes, has been accompanied by the development of a multitude of international and national simulation societies. These serve as important exchange fora for educators, clinicians, researchers, and engineers who desire to learn and share their experience and knowledge around simulation-based education. Several countries have derived their own strategy in order to promote the use of such training methodology. Current key national strategies will be presented in this paper alongside a discussion of their expected impact. Various approaches have been adopted and each has their own place and the potential to be adopted by other nations depending on their political, economic, or even geographic context. Within the critical care arena, simulation has generated considerable interest and there is a growing evidence base for its use as a learning and teaching strategy within this environment. A number of critical care related associations and societies are now recognising simulation as an appropriate pedagogical approach and acknowledging its potential to improve patient care and clinical outcomes. Its implementation should be carefully considered to ensure that developments are based on current best educational practice to maximise the efficiency of these educational interventions.
International overview of high-level simulation education initiatives in relation to critical care

Aims and Objectives
The aim of this paper is to bring to the attention of the readership the emerging prevalence around the world of the adoption of simulation-based educational approaches, sometimes combined with technology, that have for objective to improve patient safety and the quality of care at a national level. Whilst highlighting a number of important national initiatives, this introductory paper will also briefly discuss a few historical milestones which have shaped simulation education developments and the current simulation methodologies used for educational and assessment purposes.
The key message of this paper is that the national initiatives presented have in common the objective to shape or at least inform the future of initial or pre-registration training and ongoing professional development of the healthcare workforce of the various concerned countries. These initiatives, whether they are in the form of an official and national report, legislation, or project , are highly relevant to other nations around the globe due to their potential transferability of the approaches adopted and the importance of the message they carry; a better trained healthcare workforce would unquestionably improve patient safety and patient outcome. This applies to all healthcare environments.
Background
In the clinical education context and inspired by the published taxonomy of the 2007 Simulation Education Summit (Huang et al., 2008) , "simulation" can be defined as being a technique that recreates a situation or environment to allow learners (in the widest sense of the term) to experience an event or situation for the purpose of assimilating knowledge, developing or acquiring cognitive and psychomotor skills, practising, testing, or to gain understanding of systems or human actions and behaviours. Simulation is a "process" which is not to be confused with the "tool" or "means", called the "simulator" (whether it is a model, part-task trainer, mannequin, computer software, or a simulated patient), used to achieve the intended learning outcomes or for evaluation or assessment purposes of cognitive, behavioural or/and psychomotor skills, and clinical competencies. Early records of the use of simulation for educational purposes date back to the eighteenth century and the pioneering work of a midwife commissioned by the King of France, Louis XV th , to conduct an educational campaign in rural areas of France (Gelbart, 1998) . Madame du Coudray developed the model of a female pelvis with a uterus that she used as a part-task trainer with an accompanying illustrated training manual translated in different languages to demonstrate the safe delivery process of singletons and twins (p.62). It is reported that over 23 years she trained an estimated 10,000 peasant women as birthing assistants (p.277), teaching them how to safely deliver babies and perform manoeuvres for managing childbirth-related complications.
A century later another important model was made in Norway, the Laerdal Resusci-Ann mannequin torso, to help practise other life saving skills such as mouth-to-mouth, then cardiopulmonary resuscitation (Lind, 1961) . In parallel the first full-scale patient simulator, SimOne, was being developed in the USA (Abrahamson et al., 1969 ) but only to be ever used by a few privileged trainees. It is not until the 1990's that similar work culminated with the successful commercialisation of full-body simulators (Rosen, 2008) . Due to the price of these sophisticated interactive training models operating from complex mathematical models of physiology and pharmacology, called high-fidelity patient simulators, their adoption has been somewhat slow but has now greatly improved thanks to the development of more affordable versions primarily relying on an operator to modify "on the fly" or pre-programme the physiological parameters according to the treatment provided by trainees and the desired patient case to be simulated. Such mannequins are commonly referred to as intermediate or mid-fidelity patient simulators (Alinier, 2007) .
All the above developments, as well as a few others not reported in this paper such as the long standing and widely adopted Harvey cardiologic patient simulator (Issenberg, 2006a) , happened mostly in isolation from government initiatives, but were guided by teams of individuals with a clear determination and vision to improve clinical training. Without all these early developments, the opportunities offered today by the adoption of simulation-based education may not yet be available to educational and healthcare institutions.
Simulation in the twenty first century
The use of simulation in healthcare education has dramatically evolved and broadened in terms of applications and educational value recognition since the turn of the century. The term "dramatically" can be taken literally as to address specific learning objectives, facilitators are sometimes required to participate in scenarios and play specific roles to observe the learners' responses or actions to events they purposefully trigger or situations they create. There is increasing recognition that less emphasis should be placed on the tool, but that we should instead pay more attention to the way we educate our learners using simulation as a technique and the resources already available in one's institution. In effect, the emphasis has shifted to the overall simulation education programmes and their facilitators to ensure the programmes are educationally sound, appropriately supported, and that the persons supporting, delivering or facilitating it have grasped and used the correct educational techniques and approaches or may even have appropriate credentials to do so. A paper by Lambton and Prion (2009) highlights the fact that the "faculty" need to possess: educational, clinical and technical expertise. Commonly called "Train-the-Trainer" courses have been developed and run by a number of centres that were early adopters of the more realistic or "high-fidelity" simulation-based educational approach (Issenberg, 2006b) , whilst not being formally accredited or endorsed by any learned society at the time. Such courses are not a perfect solution as they end up being either too generalist or too focused, whilst fellowship or mentorship programmes allow people to acquire enough experience to help start other simulation programmes (Carney, 2007) . The importance of preparation and skills mix among the team facilitating a simulation session is now more widely recognised. The wide array of skills required of the ideal simulation educator on a simultaneous basis can be overwhelming for anyone to perform over time on an individual basis. In real terms this actually ends up being a team effort as finding all the required attributes (clinical, educational, and technical expertise and interest) in a single person is very difficult. It is increasingly acknowledged that we should strive to maximise the students' learning and make the best use of the resources (Leigh and Hurst, 2008) and for this each institution should strive to have "a champion for simulated technology use, a faculty member who believes in the technology, is informed and excited about its use, and has a "contagious" effect on other faculty members." (p.34) (Medley and Horne, 2005) . From this point onwards a team can be formed and complemented as and when required by other members bringing their own knowledge and skills to the simulation programmes.
Simulation-based education as a new specialty
The formalisation of simulation-based educational practices has really progressed thanks to the development of international and national multidisciplinary societies, usually aimed at a broad membership of healthcare educators, clinicians, researchers and engineers, and supported by industry. These societies sometimes focus on specific specialties such as paediatrics or nursing for example, but all share a common interest for simulated clinical practice and have associated meetings and conferences which serve as key exchange fora around the implementation of simulation-based initiatives and educational or patient outcome-based research. The first such clinical simulation society was officially set up in Europe in 1993 by a small group of people under the name of the Society in Europe for Simulation Applied to Medicine (SESAM, www.sesam-web.org) with an associated scientific meeting that moved from being biannual to annual in 1998 (Rosen, 2008) and a membership that gradually increased to nearly 500 dedicated professionals from about 40 countries. In the USA, the Society for Simulation in Healthcare (SSH, ssih.org) was officially created in 2004 with its annual meetings that now attracts well over 3,500 delegates representing all continents. SSH is recognised as the international simulation society, publishes its own peer reviewed journal ( In the UK professional governing bodies such as the Nursing and Midwifery Council (NMC) are now recognising the place of simulation in the preparation of undergraduate nursing students for practice. The three-year university-based programme comprises of 4,600 hours divided equally between theoretical study and clinical training; 50 percent theory (2,300 hours) and 50 percent practice (2,300 hours). In relation to the latter the NMC identified that up to 300 hours of the practice hours could be undertaken as simulation to prepare students for practice (Nursing and Midwifery Council, 2007) . This clearly demonstrates the NMC's confidence in the educational value of the experience acquired by students in a simulated context.
National initiatives promoting innovative teaching approaches
ASPiH and several of its members have had a significant input in the production of a report addressed to commissioners and providers of health and social care education that was published end of 2011 by the Department of Health (2011). Its focus was to present a framework providing guidance to help deliver high quality, cost effective education, training and continuous development to the healthcare workforce through the use of technology. This "Framework for Technology Enhanced Learning" identifies six key principles regarding the use of technology as part of a learning solution (Department of Health, 2011) . These principles have been derived for the benefit of patients to ensure that the education provided to the healthcare workforce improves patient outcomes, safety, and experience. The recommendations of the framework are that Technology Enhanced Learning should:
-be patient centred and service driven -be educationally coherent -be innovative and evidence based -deliver high quality educational outcomes -deliver value for money -ensure equity of access and quality of provision.
The framework, in line with the White Paper 'From equity to excellence: Liberating the NHS' (Department of Health, 2010) , recognises the value of local ownership and diversity, and highlights the benefits of appropriate co-operation and collaboration where this can deliver more cost effective solutions than fragmented local provision. In many instances it means making effective use of existing resources and know-how rather than duplicating resources and efforts related to course developments and delivery. Such initiatives have already been put in place in other places (Waxman et al., 2011) . Quite often, as opposed to purchasing new equipment, starting a simulation programme may simply involve adapting the way current resources and equipment are being used by clinical educators. Although people are inclined to purchase new equipment to renew the enthusiasm, it is very common all over the world for new training equipment to be purchased and remain in the box for several months and even years before it is used. Educators often remain accustomed to their usual way of providing training and "do not have the time" to learn about different teaching approaches and to understand how to use new pieces of equipment that may be more sophisticated and might be more complex to use. The push for innovation and evidence based is a particularly pertinent prompt for educators to review their current practice as what we have been doing for a long time is not necessarily the best way of doing it.
An interesting example is the work done at Imperial College on what they call "Distributed Simulation" (DS) which they frame as a "disruptive innovation" and demonstrating that a fixed and expensive training facility is not always necessary and that immersive simulation can be achieved in a limited space and with limited resources (Kneebone et al., 2010) . They have had the idea of creating a portable simulation training environment made of an inflatable enclosure, pop up banners to represent the clinical context and medical devices, audio effects of the clinical environment, a simple audio-visual recording system concealed into the lighting equipment, and a central stage where the attention of the learners is focused whilst they take part in a full scale scenario by either treating a patient simulator, an actor, or a part-task or surgical trainer, and interacting with the rest of the clinical team. The successful implementation of this approach demonstrates that high-fidelity immersive simulation can be achieved by concentrating on the high-fidelity aspects of the key learning elements on which the learners are focusing whilst simply providing a visual representation of more peripheral elements. For example, in the DS environment recreated the walls and large pieces of medical equipment are fake (i.e. inflatable wall and pop-up banners as visual cues for the medical equipment), however the open abdominal wound on which the surgical team is concentrating is highly realistic in terms of appearance and texture.
Other countries such as Australia and France have also given serious considerations in terms of making recommendations regarding the adoption of the latest training approaches for the initial and ongoing education of healthcare professionals with a particular emphasis on simulation (Granry and Moll, 2012 , HWA -Health Workforce Australia, 2009, HAS -Haute Autorité de Santé, 2012) . In the United States a coalition called AIMS (Advancement in Medical Simulation) was created in 2004 to put forward a legislation promoting innovative training approaches. In 2009, a medical simulation bill was introduced in the senate but is yet to gain more supporters among the politicians to make it a legislation (AIMSAdvancement In Medical Simulation, 2009 ). This American legislation would aim to extend the benefits of advanced medical simulation technology to the civilian healthcare system through the deployment of simulation technologies and the incorporation of such technologies and equipment into the education and training protocols of all healthcare professionals. In Australia, the interest in seeing an increased and consistent use of simulated learning modalities to develop clinical skills and competencies across all healthcare professions has been centrally supported as a fully funded governmental initiative since early 2011 and covers capital establishment costs, recurrent funding, and the training of simulation educators and technicians. As eluded in the Framework for Technology Enhanced Learning report (Department of Health, 2011) , this Australian government initiative also encourages educational coherence and has actually put in place a national training programme for both the simulation educators and technicians (AusSETT -Australian Simulation Educator and Technician/coordinator Training program, 2012). It is a visionary action from the Australian government with an expected medium term return on investment through enhanced healthcare workforce capacity building, expected improved patient care which is also linked to reduced patient care cost as demonstrated in a study by Cohen et al. (2010) . In the UK, a collaborative project started in 2012 between the Higher Education Academy (HEA) and ASPiH to create and support a dedicated national network of Simulation Development Officers (SDO's) (HEA and ASPiH, 2012) . This initiative has been created in support of the DH Framework for Technology Enhanced Learning (2011) through the development of a community of educators and practitioners involved with the development and enhancement of simulation-based learning and teaching across all health and social care professions. It aims at establishing much closer links at a local, regional, and national level concerning the use of simulation-based education between organizations involved with the development of a safe and capable health care workforce (HEA and ASPiH, 2012).
Simulation in Critical Care
Within the critical care arena, simulation as a learning and teaching strategy has generated considerable interest as it is well suited to this environment (Lam et al., 2010) . Lam et al. (2010) argue that despite the lack of proven impact on patient outcomes it will continue to play a prominent role in critical care education in the future. This can be seen by the number of critical care related associations and societies acknowledging simulation as an appropriate pedagogical approach. In the UK, the Intensive Care Society (ICS -www.ics.ac.uk), The Faculty of Intensive Care Medicine (FICM -www.ficm.ac.uk), and The Royal College of Anaesthetists (RCoA -www.rcoa.ac.uk) have developed steering groups to explore the use of simulation. Recently the British Association for Critical Care Nurses (BACCN) had simulation as a major theme at their 4th International conference held September 2012.
In Europe, simulation is included as a learning and teaching methodology in the COmpetency-BAsed TRaining in Intensive Care medicine -Information Transfer project (COBATRICE-ITwww.cobatrice.org/en/index.asp), which is endorsed by the European Society for Intensive Care Medicine (ESICM -www.esicm.org).
Within critical care it has been suggested by a number of authors (Doyle, 2002 , Lam et al., 2010 , ICSIntensive Care Society, 2012 Although the effectiveness of simulation-based education in nurses' continuing education is still largely unknown (Jansson et al., in press ), within medical education following a systematic review felt that there is no doubt that simulation technology can produce substantial educational benefits. In relation to critical care a number of studies (Burden et al., 2012 , Buykx et al., 2011 , Calhoun et al., 2011 , Cohen et al., 2010 , Mah et al., 2009 , Schmitz et al., 2008 , Smith et al., 2010 , Clapper, 2012 , Kim et al., 2009 ) highlight the potential of this teaching methodology especially in the context of the recommendations outlined in the Technology Enhanced Learning Framework (Department of Health, 2011) .
Impact of simulation initiatives on Critical Care and patient safety
The challenge for critical care is to collaborate with the various simulation associations and societies to ensure that simulation is delivered in an appropriate manner which implies adhering to the standards of best practice that are being developed. For example the International Nursing Association for Clinical Simulation and Learning identified a number of standards for the delivery of effective simulation (INACSL -International Nursing Association for Clinical Simulation and Learning, 2011) , the Society for Simulation in Healthcare has also published its accreditation standards for simulation programmes (SSH -Society for Simulation in Healthcare, 2012), and in the UK, a new framework presented by the Department of Health (2011) also needs to be considered.
As previously identified, central to this is the patient, and safe and effective practice. So what effect can it have on patient safety within critical care? At a psychomotor level a number of studies and evaluations have been undertaken looking at the efficacy of simulation in developing skills in the management of central lines (Cohen et al., 2010 , Smith et al., 2010 , Burden et al., 2012 , Clapper, 2012 . Using a blended learning approach, Burden et al (2012) demonstrated that including a mandatory simulation-based training programme resulted in a significant reduction in the incidence of catheter related infections (P < 0.05). Although there was not a significant difference in patient mortality, they found a 47% reduction in costs which they attributed to shorter ICU and hospital lengths of stay. This reduction in cost was also found by Cohen et al (2010) who concluded that a simulation-based educational intervention for central line insertion was highly cost-effective, and suggested that the investment in simulation training can produce significant medical care cost savings.
Following the introduction of a central line insertion simulation course aimed at improving procedural performance, Smith et al (2010) demonstrated a significant improvement in participants' skills immediately after simulation training. However, following the delayed post-testing of participants in the intervention group, their performance diminished and was not significantly different from those in the control group. Interestingly in terms of the use of simulation as a learning and teaching methodology they suggested that it accelerated the learning of the intervention group participants, which in terms of patient safety could potentially reduce the risk to patients. As Kneebone et al. (2004) identified, it is no longer acceptable for novices to gain their basic skills on real patients due to the risks of errors occurring. Smith et al (2010) further suggested that key to expert performance was the use of sustained, deliberate practice. There are several key concepts related to this approach as it is not just about how much an individual practices but how they actually undertake this practice (Ericsson, 2004) . They need well defined goals, immediate feedback on performance and then be provided with further opportunities to repeat the simulation to refine their performance (Ericsson, 2008 , Ericsson et al., 1993 . Abe et al (2013) also found that repeating simulation scenarios improved not only the nurses' technical skill but also their non-technical skills. Continuing on the patient safety theme Ford et al (2010) compared the rate of medication administration errors by critical care nurses following the introduction of mannequin-based simulation training compared to traditional didactic lecture. Their findings showed that the introduction of their simulation-based training programme reduced the number of medication administration errors compared to the nurses who received only the lecture style education.
Simulation allows teams to practise safely, reducing the risk to patients (DH 2011) , and as the ICS (2012) suggests, simulation as an educational methodology is very well suited to the acquisition of nontechnical skills within critical care. In a study on the compliance by multi-professional teams to the guidelines for the management of sepsis, Mah et al (2009) found that knowledge alone was insufficient to improve team performance and highlighted communication and team behaviour as key indicators. They concluded that simulation was an effective technique to teach communication and teamwork skills through the use of crisis resource management (CRM) training to improve compliance with the introduction of new clinical treatment bundles. However Kim et al (2009) identified that there was no gold standard for evaluating team CRM performance and therefore compared the use of two tools to evaluate team performance, a global rating scale and a checklist rating instrument, in the resuscitation of critically ill patients during simulated emergencies. Again they found that simulation could play a key role in the evaluation of CRM performance and that the tools demonstrated both construct validity and moderate inter-rater reliability they could be used to evaluate performance. However, they recommended that further studies should be undertaken. Using another simulation modality, standardised patients, Schmitz et al (2008) developed an Objective Structured Clinical Examination (OSCE) that aimed at assessing the ability of physicians to discuss end-of-life care with family members of intensive care unit patients. They found that the OSCE, which is a form of assessment in a simulation context (Alinier, 2003) , was reliable and had a high content validity and therefore felt that this would serve as a useful formative evaluation tool (Schmitz et al., 2008) . Again they recommended that further research was needed into this area. In line with the latter Buykx et al. (2011) describe an evidence-based educational model, FIRST2ACT, that focuses on the early recognition of deterioration in patents. As recommended in a clinical guideline of the National Institute for Health and Clinical Excellence (NICE, 2007) all staff caring for patients in acute hospital settings should have the education and training to ensure that they have the competencies to monitor, measure, interpret and respond promptly and appropriately to a deterioration in a patient's condition. Evaluations of the FIRST2ACT model indicate a substantial increase in the knowledge, confidence, and competence of participants related to the assessment and management of patient deterioration, and the authors (Buykx et al., 2011 ) recommend that the model should be considered for both undergraduate and post-registration education programs. All of the studies discussed demonstrate both innovative approaches to learning and teaching and a growing evidence base for the use of simulation in the Critical Care context.
In relation to equity of access and value for money Calhoun et al. (2011) demonstrated the feasibility of implementing an in-situ simulation programme within a paediatric critical care unit that encouraged growth of the programme as it was well received by participants, and allows substantial cost savings over investing in a physical resource such as a clinical simulation centre.
Conclusions
As recommended in some of these documents, it is not about investing more in educational resources and technology, but making better use of them by adopting sound educational principles, collaborating with others, and ensuring a quality control process. This, of course, relies on having the right people facilitating the learning experiences and making sure training is made compulsory across the board to ensure standardisation of practice and monitor levels of competence in various domains (cognitive, technical, and behavioural). Simulation, in all its disguises, offers a key medium for clinicians to improve and develop their skills, knowledge, and attitude, but this can only be achieved if it is supported locally within an institution and a department. The critical care setting is an environment that is rapidly evolving in many aspects, and where patient care needs to be delivered in a safe and timely manner at all times. A number of initiatives relating to critical care and using simulation as a training intervention have started to provide encouraging outcomes in terms of improved patient care but more work is still required. The guidelines and standards which have been recently developed and published by specialist societies or healthcare authorities are based on current best educational practice. These should be carefully considered to ensure the effectiveness of training intervention in order to improve patient care and clinical outcomes.
What is known about this topic:
-Simulation in its various forms is now used in most healthcare professions and specialties.
-Simulation methodologies can be used during initial training as well as during continuing medical education or continuing professional development.
-Simulation serves as a bridge between the acquisition and application of clinical skills, knowledge, and attributes.
-There is increasing recognition that simulation is a technique more significantly affected by the process than by the tool used.
What this paper adds:
-Guidelines and recommendations based on current best simulation education practice are now developed and made available by international learned societies and other official bodies.
-High-level initiatives promoting the use of simulation in healthcare education are emerging around the world.
-Studies on the educational effectiveness of simulation-based interventions demonstrate enhanced acquisition of skills and knowledge on the part of healthcare providers and improved patient outcome.
